Positive directional selection in the proline-rich antigen (PRA) gene among the human pathogenic fungi Coccidioides immitis, C. posadasii and their closest relatives.
In this study, we investigate the possibility of selection acting on the proline-rich antigen (PRA) gene in natural populations of the two human pathogens, Coccidioides immitis and Coccidioides posadasii, and three of their close relatives, Chrysosporium lucknowense, Chrysosporium queenslandicum, and Uncinocarpus reesii. We addressed the following questions: Is diversifying selection acting on PRA in the pathogenic species as a result of avoidance of the host's immune system, and has adaptation to a pathogenic life style lead to positive directional selection and increased rate of evolution in PRA between the species? For these purposes, we amplified and sequenced from 40 individuals belonging to the five species, the entire coding region of the PRA gene, as well as partial sequences from the coding region of each of the three housekeeping genes glyderaldehyde-3-phosphate dehydrogenase, glutamine synthetase A, and hexokinase A. We used likelihood-based methods to compare models of different types of selective pressure among codons to analyze the mode of evolution of the genes and found that the PRA gene evolves under positive selection, but the investigated parts of the housekeeping genes evolve primarily under purifying selection. We found a very low level of intraspecific variability and no evidence of diversifying selection, suggesting that the increased rate of evolution in the PRA gene is not a result of avoidance of the host's immune system. Neither did likelihood-based analyses suggest that selection was stronger on the branch separating pathogenic and nonpathogenic species. Instead, we suggest that positive selection act on PRA as a consequence of spore cell-wall morphogenesis unique to each species.